Night-shift workers are prone to sleep deprivation, misalignment of circadian rhythms, and subsequent sleepiness and sleep-related performance deficits. The purpose of this narrative systematic review is to critically review and synthesize the scientific literature regarding improvements in sleepiness and sleep-related performance deficits following planned naps taken during work-shift hours by night workers and to recommend directions for future research and practice. We conducted a literature search using the Medline, PsychInfo, CINAHL, Cochrane Library, and Health and Safety Science Abstracts databases and included English-language quasi-experimental and experimental studies that evaluated the effects of a nighttime nap taken during a simulated or actual night-work shift. We identified 13 relevant studies, which consisted primarily of small samples and mixed designs. Most investigators found that, despite short periods of sleep inertia immediately following naps, night-shift napping led to decreased sleepiness and improved sleep-related performance. None of the studies examined the effects of naps on safety outcomes in the workplace. Larger-scale randomized clinical trials of night-shift napping and direct safety outcomes are needed prior to wider implementation.
Shift workers, individuals who do not work within a 09:00-17:00 time frame (National Sleep Foundation, 2009) , are increasingly needed in our 24/7 society. In the United States, nearly 20% of employed adults are shift workers (Drake & Wright, 2011) . Shift workers are especially prone to circadian misalignment (Monk, 2005; Rollinson et al., 2003) and sleep deprivation (Drake & Wright, 2011 ) that lead to sleepiness, fatigue, and sleep-related performance deficits (Belenky & Akerstedt, 2011) . For most individuals, sleepiness is at its highest level during the early morning hours (Caruso & Rosa, 2007) . The fatigue and other performance deficits night-shift workers experience during these hours have been implicated in major disasters such as the nuclear-plant accidents at Chernobyl (World Nuclear Association, 2011) and Three Mile Island (World Nuclear Association, 2010) , and the Exxon Valdez oil spill (U.S. Environmental Protection Agency, 2011).
Scheduled naps in the workplace are recommended to combat fatigue and reduce sleepiness in health care workers (Joint Commission, 2011) and flight crews (Caldwell et al., 2009) . A number of investigators have studied the effects of planned naps during the night shift on sleep-related performance deficits and sleepiness. The purpose of this systematic review is to critically analyze and synthesize this literature to recommend directions for future research and practice.
Background
Sleep is a complex physiological process comprised of two phases: non-rapid eye movement (NREM) and rapid eye movement (REM) sleep. NREM consists of three stages of gradually deepening sleep (N1, N2, and N3, or slow wave sleep). A cyclic pattern of NREM and REM sleep (sleep cycle) occurs throughout the sleep period. Sleep cycles are approximately 60-110 min in length (Landis, 2011) .
Although research has not determined the precise mechanisms that regulate sleep, the two-process model of sleep regulation (Achermann & Borbely, 2011) is frequently used to describe sleep regulation and is useful for conceptualizing sleep and fatigue in shift workers. According to this model, sleep is regulated by the interaction of two processes: the homeostatic ''drive'' for sleep (process S) and the circadian component of the wakefulness rhythm (process C). Process S increases as a person's wake time increases and decreases during sleep. Process C opposes sleep propensity during the day and then dissipates during the nighttime hours to promote sleep onset and maintenance (Achermann & Borbely, 2011; Taillard, Philip, Coste, Sagaspe, & Bioulac, 2003) . The nadir of the wakefulness rhythm occurs in the early morning hours and the peak occurs in the late afternoon (Akerstedt, 2003; Czeisler & Brown, 1999) .
Night-shift workers accumulate a sleep ''debt'' over successive night shifts. Many keep a diurnal schedule on days off and start their night shifts in a sleep-deprived state. After the shift, these workers often try to sleep during the day at a time that coincides with the circadian peak in wakefulness and therefore may have poor quality or insufficient sleep. The incompatibility between circadian patterns and work demands contributes to sleep deprivation and increased homeostatic drive. Volitional (e.g., recreational or social activities) and non-volitional activities (e.g., family and household responsibilities) may also contribute to sleep deprivation (Drake & Wright, 2011; Ruggiero & Pezzino, 2006) .
Fatigue (''a subjective feeling of tiredness that can vary in intensity and duration''; Piper, Lindsey, & Dodd, 1987, p. 19) , sleepiness (an urge to sleep; MacFarlane & Moldofsky, 2011), and impairments in vigilance and sustained attention (Oken, Salinsky, & Elsas, 2006) are important consequences of sleep deprivation and circadian alterations that may, in turn, lead to such negative outcomes as motor vehicle accidents (Steele, Ma, Watson, Thomas, & Muelleman, 1999) , drowsy driving (Scott et al., 2007) , and medical errors (Balas, Scott, & Rogers, 2006) . While researchers have used a variety of self-report measures to measure sleep-related performance deficits and sleepiness, self-rated estimates of fatigue are often unrelated to observed behavior. Thus, researchers often use objective measures, such as simulators and devices designed to measure vigilance (e.g., Psychomotor Vigilance Test , Ambulatory Monitoring, Ardsley, NY; MacFarlane & Moldofsky, 2011) to evaluate the effects of shiftwork-related performance deficits.
Healthy adults need approximately 7.5-8.5 hr of sleep per day (Banks & Dinges, 2011) . They often use naps, defined as sleep periods at least 50% shorter than an individual's average nocturnal sleep length (Dinges, Orne, Whitehouse, & Orne, 1987) , in addition to main sleep periods to accumulate an adequate amount of sleep. Naps are not shortened, compressed versions of nocturnal sleep (Dinges, 1989) ; rather stages of sleep vary with the time of day and length of the nap. For example, REM sleep may occur in a nap of 1 hr's duration but not in a nap of 30 min. Although naps are generally restorative, sleep inertia, a brief period (20-30 min) of decreased cognitive function and performance immediately after a period of sleep, may occur and temporarily obscure the recuperative effects of sleep (Dinges et al., 1987; Kemper, 2001; Mahowald & Bornemann, 2011; Scheer, Shea, Hilton, & Shea, 2008; Tassi & Muzet, 2000) . Sleep inertia has an endogenous circadian rhythm, with the most impaired cognitive performance upon awakening occurring when an individual takes a nap during the biological night (23:00-03:00; Scheer et al., 2008) . The degree of sleep inertia may be related (Tassi & Muzet, 2000) or unrelated (Scheer et al., 2008) to the sleep stage upon awakening. The chronic sleep deprivation many night-shift workers experience may exacerbate the detrimental effects of sleep inertia on sleepiness and performance. These observations suggest that the practice of using scheduled naps during work hours should include time for recuperation after the nap period (Scheer et al., 2008) .
Night-shift workers often use naps between main sleep periods at home and at work (Ruggiero & Avi-Itzhak, 2011) . A planned nap during work hours may supplement sleep duration, improve the negative health effects caused by shift-work sleep deprivation (cardiovascular disease, breast cancer, and duodenal ulcers; Drake & Wright, 2011) , reduce performance deficits and sleepiness (Petrie, Powell, & Broadbent, 2004) , and improve safety (Geiger-Brown & McPhaul, 2011) . In this article, we critically review and synthesize the scientific literature regarding the effects of planned naps taken during the work shift by nightshift workers and make recommendations for future research and practice. Due to heterogeneity of the samples, settings, and study methodologies, a meta-analysis of these data was not feasible. Therefore, we conducted a narrative systematic review in which we addressed the following research questions: 
Selection Criteria
We retrieved a total of 2,775 abstracts ( Figure 1 ) and collaborated to determine study eligibility. We removed duplicates and papers that used the word nap as an abbreviation (e.g., naproxen, nanoparticles, naphthalene). To decrease variability that could interfere with our interpretation of the findings, we eliminated nap studies that did not involve night-shift work (or simulated night-shift work) and pharmaceutical studies because their primary purpose was evaluation of drug effects. We were left with 279 abstracts. We then eliminated laboratory and field studies of situations in which the participant was expected to have extended wakefulness (e.g., long-haul truck driving) or cross time zones (airline pilots) because of the high variability in the length and timing of participants' duty periods. We also excluded nap studies with descriptive or correlational designs because of our interest in the effects of naps and the inability to ascribe causality in studies with these designs. We retained reports of original experimental and quasiexperimental studies that included (1) a specifically assigned nap (2 hr or less) taken during a night shift (or simulated night shift) of approximately 7.5-13 hr in duration (starting at 17:00 or later and ending between 06:00 and 08:00), (2) comparison to a no-nap condition, and (3) the measurement of subjective sleepiness or fatigue or objective measures of sleep-related performance deficits including vigilance, cognitive functioning, logical reasoning performance, work tasks and driving, workload and memory recall. A hand search of the reference lists of each article did not reveal any additional relevant studies. We found 13 studies that met the inclusion criteria and included them in the analyses (Table 1) .
Data Extraction
For each study, we extracted the following information using an investigator-developed form: the purpose of the study or research question(s), sample characteristics and sampling procedure, setting, random/nonrandom assignment and selection, blinding/double blinding, data collection methods, intervention characteristics, outcome variables and measures, internal and external validity, statistical methods, results, and conclusions.
Results

Methodological Quality
Based on published criteria for findings sufficient to support evidenced-based practice (Newhouse, Dearhold, Poe, Pugh, & White, 2007) , 1 of the reviewed studies is a Level 1 (experimental study/randomized control trial; Smith-Coggins et al., 2006) , while the remaining 12 are Level II (quasi-experimental; Table 1 ). Overall, the studies have reasonably consistent results, control conditions, and recommendations. Only one (Howard et al., 2010) included a determination of statistical power and rationale for sample size. The studies were likely underpowered, which may account for the lack of statistically significant effects in some studies. Because only two groups of investigators reported effect sizes (Kubo et al., 2010; Smith, Kilby, Jorgensen, & Douglas, 2007) , it was hard to determine the clinical significance of the findings. We attempted to contact the corresponding authors for each study, but only one responded with effect sizes (Lovato et al., 2009) . Investigators from two of the studies compared the effects of caffeine or naps with no-nap conditions (Rogers et al., 1989; Sagaspe et al., 2007) . All studies had convenience samples (N ¼ 6-49), and investigators recruited participants from a wide variety of international locations, work settings, and college student populations (Table 1) . This variation in sample characteristics makes the studies difficult to compare. Investigators used polysomnography (PSG) to measure nap duration, sleep architecture, and post-shift daytime sleep in 11 studies (Table 1) , but only two groups reported the interrater reliability of the PSG scoring (Rogers et al., 1989; Signal et al., 2009 ). The studies included nearly 40 different tests of sleepiness and sleep-related performance deficits (Table 1) . With the exception of Smith-Coggins et al. (2006) , investigators did not report the reliability or validity of these measurements. Statistical methods were appropriate in all studies.
Participants in the quasi-experimental studies (Table 1 ) served as their own controls. Some of the investigators in these studies scheduled the nap and non-nap conditions 5-27 days apart in order to ''wash out'' the effects of the intervention (Howard et al., 2010; Kubo et al., 2010; Lovato et al., 2009; Saito & Sasaki, 1996; Sallinen et al., 1998; Signal et al., 2009; Smith et al., 2007; Takeyama et al., 2002; Takeyama et al., 2004) . Some investigators used random assignment (Lovato (50) 38.1 (12.1) RT, KSS, and lapses increased throughout night shift, but there was less of an increase for nap compared to no-nap conditions 01:00 (30) 24.5 (6.7)
04:00 (50) 46.6 (2.1) 04:00 (30) 27 Purnell et al., 2002; Rogers et al., 1989; Sagaspe et al., 2007; Saito & Sasaki, 1996; Sallinen et al., 1998; Smith et al., 2007; Smith-Coggins et al., 2006; Takeyama et al., 2002; Takeyama et al., 2004) and blinded the order of testing (Howard et al., 2010; Rogers et al., 1989; Sagaspe et al., 2007; Smith et al., 2007; Smith-Coggins et al., 2006) . Only four reports included explanations of control-condition activities, but the investigators did not report the environmental and temporal characteristics of the control conditions. In these four studies, instead of napping, participants either worked as usual (Smith-Coggins et al., 2006) or engaged in activities such as reading, watching television, or conversing with others (Lovato et al., 2009; Purnell et al., 2002; Takeyama et al., 2002) .
Sample Characteristics
The samples included men and women with a variety of ages and occupations (Table 1) . Some, but not all, investigators reported that participants were ''healthy'' (Howard et al., 2010; Kubo et al., 2010; Rogers et al., 1989; Saito & Sasaki, 1996; Takeyama et al., 2002; Takeyama et al., 2004) , but the methods they used to determine health status were inconsistent. Some, but not all, investigators screened participants for primary sleep disorders (Howard et al., 2010; Kubo et al., 2010; Lovato et al., 2009; Sagaspe et al., 2007; Saito & Sasaki, 1996; Sallinen et al., 1998; Signal et al., 2009 ), while one group screened participants for psychological distress (Smith et al., 2007) . In one study, participants had a legal responsibility to report ''fit for work'' (Signal et al., 2009 ). There was thus a great deal of heterogeneity among the study samples, inconsistency in the methods investigators used to evaluate health and sleep disorders, and wide variability in employment settings, job characteristics and possible job stress.
Sleep Before, During, and After Nap Opportunities Preexperimental Sleep. Mean diurnal sleep duration for the night prior to the night-shift nap study ranged from 7.1 to 8.5 hr in the studies in which investigators measured this variable (Kubo et al., 2010; Sagaspe et al., 2007; Sallinen et al., 1998; Signal et al., 2009; Smith-Coggins et al., 2006) . Two studies involved pre-shift naps in which participants slept 105.66-106.91 min between the hours of 15:00 and 17:00 (Lovato et al., 2009) or 4.88 min between 20:15 and 20:45 hr (Howard et al., 2010) .
Nap Opportunities and Settings. Planned nap start times occurred between 00:00 and 04:00 hours. Nap opportunities were between 20 min and 2 hr in duration (Table 1 ). Some investigators explained that naps greater than 30 min were impractical (Howard et al., 2010; Lovato et al., 2009) and could lead to sleep inertia (Lovato et al., 2009) . Also, naps of 20 (Purnell et al., 2002) to 30 (Smith et al., 2007) min were consistent with employee break durations (Sagaspe et al., 2007; Smith et al., 2007) . Purnell, Feyer, and Herbison (2002) further explained that scheduling planned naps for a time between 01:00 and 03:00 hr may reduce the risk of sleep inertia upon awakening. Only 3 of the studies included 2 (Purnell et al., 2002) or 3 nights of consecutive naps (Takeyama et al., 2002; Takeyama et al., 2004) , while the remaining 10 studies used a single night of nap testing during a night shift or laboratory-based simulated night shift ''awake.'' Settings for the naps included sleep laboratories (Howard et al., 2010; Kubo et al., 2010; Lovato et al., 2009; Rogers et al., 1989; Sallinen et al., 1998; Takeyama et al., 2002; Takeyama et al., 2004) , an airplane hangar (Purnell et al., 2002) , participants' homes (Saito & Sasaki, 1996) , cars (Sagaspe et al., 2007) , a room away from the clinical work site (Smith-Coggins et al., 2006) , and darkened, quiet rooms (Lovato et al., 2009; Rogers et al., 1989; Signal et al., 2009; Smith et al., 2007; Smith-Coggins et al., 2006) . Most investigators reported the mean duration of sleep during the nap opportunities, and participants slept for the majority of the allotted time (Table 1) . However, 50% of the sample on the first night and 42% on the second night in one study were not able to sleep during their nap opportunity (taken between 01:00 and 03:00 hr) because of ''too much noise'' (Purnell et al., 2002) .
Effects of Night-Shift Naps on Daytime Sleep. Some investigators recorded daytime sleep after the night shift/simulated night shift. There was wide variation in postshift daytime sleep duration (190 min to almost 8 hr; Kubo et al., 2007; Purnell et al., 2002; Rogers et al., 1989; Saito & Sasaki, 1996; Signal et al., 2009; Smith et al., 2007) . Most participants had similar postshift daytime sleep durations in the nap and no-nap conditions (Kubo et al., 2007; Purnell et al., 2002; Sallinen et al., 1998; Signal et al., 2009; Smith et al., 2007; Takeyama et al., 2002) , with the exception of participants in Saito and Sasaki's study, who slept longer in the no-nap condition.
Summary. Diurnal schedules with nighttime sleep during the 24 hr before the night shift led to prolonged wakefulness that may have increased homeostatic sleep pressure and the likelihood of sleep during the planned nap interval. Most participants slept during their nap opportunities, but the wide variety of nap opportunity times, lengths, and settings makes it difficult to ascertain the best nap intervention. Most participants, regardless of nap condition and characteristics, did not have difficulty sleeping during the daytime after their shifts, although, with the exception of participants in Smith, Kilby, Jorgensen, and Douglas's (2007) study, sleep times were short. Because most of the investigators studied only 1 night of planned napping, little is known about the effects of naps over consecutive nights.
Sleepiness and Sleep-Related Performance Deficits
The investigators evaluated subjective and objective sleepiness and numerous sleep-related performance deficits, including reaction time and vigilance, cognitive functioning, subjective fatigue, logical reasoning performance, work tasks and driving, workload and memory recall. Most studies measured these phenomena at the start and end of the shifts and before and after nap opportunities. Table 1 lists the specific variables, measures and timing for each study, and Table 2 categorizes the   138 Biological Research for Nursing 16 (2) instruments and methods investigators used by performance outcome.
Effects of Naps Taken at 00:00 or 01:00 hr. When compared to a no-nap condition, 30-, 40-, and 50-min naps taken between 00:00 and 01:00 hr led to faster reaction time, fewer lapses, less subjective sleepiness, and improved driving performance at the end of a shift (Sagaspe et al., 2007; Sallinen et al., 1998; Signal et al., 2009) . A nap of 60 or 120 min taken at 00:00 did not improve reaction time (Takeyama et al., 2004) compared to a no-nap condition.
Effects of Naps Taken at 02:00, 02:30, 03:00 Hr. When compared to no-nap conditions, 20-, 30-, 40-, 60-and 120-min naps taken between 02:00 and 03:00 hr resulted in improved outcomes, including mean response latency, reaction time, subjective sleepiness, sleep latency, fatigue, lapses, and probed memory recall testing through the end of the shift (Lovato et al., 2009; Purnell et al., 2002; Saito & Sasaki, 1996; Signal et al., 2009; Smith-Coggins et al., 2006; Smith et al., 2007; Takeyama et al., 2002) . Effect sizes (pZ 2 ) ranging from 0.31 to 0.64 indicate that the naps and their timing had a robust influence on sleepiness, task load and psychomotor vigilance task (PVT) performance (Smith et al., 2007) . Naps had moderate-to-large effects (Cohen's d) on sleepiness and mean reaction time 15-225 min post nap (Lovato et al., 2009) .
Outcomes of Naps Taken at 04:00. Naps of 30 and 50 min taken at 04:00 resulted in improved subjective sleepiness, driving performance, lapses, and reaction time post nap and through the end of the shift when compared to no-nap conditions (Howard et al., 2010; Sallinen et al., 1998) . However, there were significant delays in reaction time after a 60-min nap, a finding that the researchers attributed to sleep inertia (Kubo et al., 2010; Takeyama et al., 2004) . Effect sizes for reaction time and lapses in the 60-min nap condition (pZ 2 ¼ 0.266 and 0.268, respectively) and sleepiness in the 120-min nap condition (pZ 2 ¼.36) indicate a moderate influence of naps and their timing on these variables (Kubo et al., 2010) .
Summary. Most investigators tested nap opportunities of 20-40 min with start times ranging from 0200 to 0300 hr. In most cases, the rationale was feasibility related to scheduling of work activities and break guidelines.
In several studies (Kubo et al., 2010; Smith-Coggins et al., 2006; Takeyama et al., 2004) , investigators attributed lack of improvement in some outcomes to sleep inertia despite improvements in other outcomes.
Discussion
The findings of this review indicate that planned naps during night shifts or simulated night shifts reduced nocturnal sleepiness and improved sleep-related performance deficits in a number of populations and settings. Although the wide variability in study designs, populations, settings, and measures make the studies difficult to compare, the findings do provide important information that may be useful in supporting future systematic research and prescriptions for napping in shiftwork settings. Although length and timing of naps varied widely among the reviewed studies, both 30-to 40-min nap opportunities between the hours of 02:00 and 03:00 (Lovato et al., 2009; Smith et al., 2007) and naps as short as 20 min during this time frame had beneficial effects (Purnell et al., 2002) . While later naps (04:00) had small-to-moderate effects on improving reaction time and sleepiness (Table 1) , one group of investigators suggested that sleep inertia may have an impact on the outcomes of naps taken during this time frame (Kubo et al., 2010) . There is no agreement in the literature as to the time frame for the maximal impact of sleep inertia, with Kubo et al. (2010) suggesting 05:00 and Scheer, Shea, Hilton, and Shea (2008) suggesting 23:00-03:00. Given the potential deleterious effects on work performance of sleep inertia, a phenomenon that may last as long as 30 min (Dinges et al., 1987) , further studies are needed to determine the optimal timing of naps in order to minimize the possible hazards associated with sleep inertia.
Although naps quite consistently improved sleepiness and sleep-related performance deficits in the reviewed studies, they Investigators conducted the reviewed nap studies in a variety of workplace and laboratory settings. While laboratory studies afford the ability to control environmental and behavioral conditions, they lack ecological validity and may not adequately address the nature of the work (e.g., intensity, complexity), work context (stress, noise, inability to nap at specific times), shift-work patterns (e.g., days on/off, shift length), or the characteristics of the worker (e.g., age, gender, non-work role responsibilities). Future studies should systematically address these factors.
The feasibility of napping is an important consideration in planning shift-work nap studies or interventions. For example, those who work in health care settings or other highly stressful, demanding, and time-pressured environments may lack the time or be unable to sleep due to stress during the scheduled nap period. In other settings, quiet space appropriate for napping may be unavailable (Purnell et al., 2002) .
Many characteristics of the workers and the contexts of their lives may influence napping, as well as performance, during shift work. For example, aging, gender, and years of experience on the night shift may contribute. Aging is associated with increased tendency to nap (Dinges, 1989) , and women have more self-reported sleep complaints than men, which are often associated with hormonal factors (Redeker, 2011) . The ''healthy worker effect'' (Oginska, Pokorski, & Oginski, 1993) associated with good accommodation to night shift work may explain the abilities of some workers to nap at night, sleep during the daytime, and also perform effectively. Nonworkrelated role demands, such as caring for dependents, may also contribute to sleep deprivation and the ability to nap as well as to sleepiness and performance outcomes for shift workers.
Choice and timing of performance measures varied greatly across the reviewed studies, although all explored some aspect of sleepiness or psychomotor performance. Advances in the field are greatly dependent on in-depth understanding of the conceptual underpinnings and methodological issues associated with choice of outcomes. Most of the measures the investigators used are surrogates for actual work performance; therefore, an investigator must consider the attributes that are most important to the work being performed (e.g., driving, decision making, motor coordination) when selecting measures. In addition, each of the objective and subjective measures may assess different aspects of sleepiness or performance (Oken et al., 2006) . It is also important to consider the feasibility of measurements and factors that might influence the results, including sensitivity to sleep loss and sleep inertia, practice effects, attention effects, testing conditions, and reliability.
Limitations
In this review, we addressed evidence available in the published literature. It is possible that investigators have conducted other studies but have not published them due to negative findings. In addition, few investigators reported effect sizes or were able to provide these data to the authors. Therefore, we were unable to conduct a meta-analysis, which would have been a more objective review approach.
Conclusion
The findings of this review suggest that planned naps hold promise as the means to improve sleepiness and sleep-related performance deficits among shift workers. Although there is some evidence of possible sleep inertia, these data are not consistent, and naps appear to be safe. Therefore, it may be feasible to implement nap programs in current workplace studies. Nevertheless, studies to date have been small and heterogeneous and have not documented the effects of napping on work-specific outcomes, such as decision making, errors, and safety in actual work-related tasks. Future studies should include larger, randomized controlled trials to establish the efficacy of napping in improving performance and safety. These studies need to confirm the appropriate dose and timing for a nap and subsequent recovery from sleep inertia and the interactions among nap behavior, job and shift-worker characteristics, and the nature of the workplace environment prior to wider-spread implementation of nap programs.
